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LAMINATE AND PROTECTIVE CLOTHING FABRICATED THEREFROM 

The present invention relates to a laminate and pro- 
tective clothing fabricated therefrom, which are intended 
5 to be used as protective means against poisonous/aggres- 
sive chemicals, e.g. in connection with hazardous chemical 
emergencies, decontamination work etc. 

Protective clothing or garment made of such a lami- 
nate must be flexible and highly resistant, not only to 

10 the chemicals concerned but also to mechanical damage. To 
this end, laminates and clothing made of a fabric base 
sheet coated with different types of protective layers 
have been suggested. Such known highly resistant protec- 
tive clothing and laminate comprise a fabric base sheet 

15 coated with a layer of f luoropolymer and butyl rubber. 

Clothing of this type provides good resistance to permea- 
tion of aggressive substances, such as acetone, acetoni- 
trile, ammonia, carbon disulfide, chlorine, dimethylf orm- 
amide, ethyl acetate, hexane, methanol, nitrobenzene, so- 

20 dium hydroxide, sulfuric acid, tetrachloroethylene and 
toluene. The demands for resistance and protective capa- 
city have however been raised, and it is now required that 
the material should also possess high resistance to per- 
meation of dichloromethane, diethylamine and tetrahydro- 

25 furan. Prior art protective clothing is not resistant to 
these substances. 

One object of the present invention therefore is to 
improve the clothing or garment mentioned above and give 
it high resistance to the permeation of such substances, 

30 According to the invention, this object is achieved by 
fabricating the laminate and the protective clothing or 
garment as stated in claims 1 and 5, respectively. 

The invention thus resides in supplementing the lami- 

methylenediaminG and caprolactam. 
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The use of a continuous polyamide layer in laminates 
for protective clothing is however previously known from 
EP-A-0, 360, 208. The laminate according to this publication 
is however built up differently and comprises a base sheet 
5 of nonwoven polypropylene on both sides laminated to a 

multilayer film sheet which, counting from the base sheet, 
consists of a layer of polyamide, a layer of polyethylene 
vinyl alcohol, a layer of polyamide and a surface layer of 
low-density polyethylene. 
10 The use of a continuous polyamide layer is also dis- 

closed in US-A-4,833,010 describing a multilayer chemical 
barrier fabric consisting of a base sheet of nonwoven 
polypropylene laminated on both sides to a multilayer film 
sheet material. The multilayer material on one side of the 
15 base sheet comprises, counting from the base sheet, a 

layer of polyethylene vinyl alcohol, a layer of polyamide 
and a heat-sealable surface, layer of polyethylene. The 
multilayer material on the other side of the base sheet 
comprises, counting from the base sheet, a layer of poly- 
20 ethylene vinyl acetate, a layer of polyamide and a heat- 
sealable surface layer of polyethylene. Thus, also the 
laminate according to this publication is built up dif- 
ferently as compared with the laminate of the present in- 
vention, 

25 The laminate according to the invention is manufac- 

tured by coating a fabric, consisting e.g. of polyamide 
fibres and serving as base sheet, with the different ma- 
terials which are to form the different layers of the la- 
minate, optionally after using an adhesive to increase the 

30 bonding strength between the different layers and the base 

sheet. Materials other than polyamide fibres can be used 

® 

for the base sheet, e.g. aramide fibres (such as KEVLAR 

-'->':-v® r^--^^ TT - ^^^.^ Nemour? and Company, USA), 

(such as KERiMEL from Rhone-Poulenc S.A., France). 
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In one embodiment of the invention, one side of the 
base sheet can be coated with f luoropolymer and the other 
with butyl rubber, whereupon the layer of polyamide is 
applied to the free surface of the layer of butyl rubber. 
5 A more preferred embodiment of the laminate and the pro- 
tective clothing however utilises a layer of butyl rubber 
also between the base sheet and the layer of f luoropolymer 
since the base sheet will thus be more efficiently pro- 
tected against aggressive chemicals. One alternative way 

10 of applying the continuous polyamide layer is using a 

finished or preproduced polyamide film which is placed on 
the base shp,et and the other layers of the laminate just 
before this is to be introduced in a Rotocure machine. 
This type of lamination yields a laminate having the 

15 properties aimed at. 

The fabric base sheet may be e.g. a woven fabric hav- 

2 

ing a weight per unit area or grammage of 85 g/m , In one 

of the preferred embodiments of the laminate and the 

protective clothing, respectively, one side of the base 

20 sheet can be coated, e.g. by spreading, with a, layer of 

butyl rubber. A suitable coating weight per unit area may 
2 

be 175 g/m . To the layer of butyl rubber may then be ap- 
plied a layer of f luoropolymer , e.g. in a coating weight 
2 

of 200 g/m , On the other side of the base sheet, the 

25 layer of butyl rubber may have a coating weight of e.g. 
2 

150 g/m . The polyamide layer, which is applied to this 

layer of butyl rubber, either by coating or as a finished 

or preproduced polyamide film, may have a weight per unit 

2 

area of e.g. 70 or 100 g/m . A laminate manufactured in 
30 this way has very high flexibility and very high chemical 
resistance and resistance to permeation of chemicals, also 
of the above-mentioned chemicals dichloromethane, diethyl- 
arrine and tetrahydrof uran . 
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A polyamide fabric was pretreated with an adhesion- 
promoting agent based on butyl rubber and isocyanate, and 
was coated on each side with a layer of butyl rubber. The 
layer of butyl rubber consisted of a pasty coating mixture 
5 which, in addition to uncured butyl rubber, contained cur- 
ing agent, filler, antioxidants, plasticiser and lubricant 
(stearic acid). A coating was thereafter applied to the 
layer of butyl rubber by spreading a pasty coating mixture 
containing f luoropolymer , curing agent, filler, plasti- 

10 ciser and lubricant • 

On the other side of the polyamide, a polyamide layer 
was applied on the layer of butyl rubber. The polyamide 
layer was applied by spreading a pasty mixture of poly- 
amide and a solvent and, optionally, also a plasticer. To 

15 form the different pasty mixtures, petrol was used as li- 
quid medium for the butyl rubber pastes, alcohol/water 
(90:10 mixture) as solvent for the polyamide paste and 
methyl ethyl ketone as solvent for the fluorocarbon rub- 
ber. Instead of applying the polyamide layer by spreading, 

20 it can be applied as a finished or preproduced film which 
is applied to the base sheet coated with the other mate- 
rials, just before this is to be introduced into the vul- 
caniser or curing apparatus, as previously pointed out. 
Between each spreading operation, the material was 

25 dried, and after the final coating and drying operations 
the material was cured at about 150 °C. The resulting pro- 
duct had very high flexibility, pliability and chemical 
permeation resistance as well as sufficient resistance to 
all the substances mentioned above, whereby to satisfy the 

30 altered requirements for chemical protective clothing 

against hazardous chemicals according to US standard NFPA 
1991 (1990 Edition). 

J. : I' c \* 1 9 ^'"1 w 1 1 : 1 .:. o o :"\ G 1 1"^ ^ ^ ct y e i ^.^ : . . . . ■ ... ; ^ ^ .... . . 

ing a bonding agent solution thereon. First, a solution 
was prepared by mixing the following ingredients: 
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chlorinated butyl rubber 

(1.2% by weight of chlorine) 100 parts by weight 

magnesium oxide 0.15 parts by weight 

zinc oxide 10 parts by weight 

5 stearic acid 1 part by weight 

pyrogenic silicic acid 

(AEROSIL® 300) 25 parts by weight 

colour pigment 3 parts by weight 

titanium dioxide 5 parts by weight 

10 These ingredients were dissolved in a mixture of 

technical grade petrol (4 parts by volume) and toluene (1 

part by volume) to a dry solids content of about 50% by 

weight. To obtain the bonding agent solution, about 10% by 

® 

weight of isocyanate (e.g. DESMODUR RF) was added to the 
15 solution thus prepared. The isocyanate-containing mixture 
was used to form the bonding agent coatings on both sides 
of the fabric. After drying, one side of the fabric was 
coated by spreading a similar solution of the same compo- 
sition, however without the admixture of isocyanate. This 
20 spreading yielded a layer of butyl rubber on one side of 
the fabric. After drying, a layer of f luoropolymer was ap- 
plied on the layer of butyl rubber. The layer of f luoro- 
polymer consisted of a 50% by weight solution in technical 
grade petrol/toluene (4:1) having the following ingre- 
25 dients: 

® 

fluorocarbon rubber (VITON B50) 100 parts by weight 
barium sulfate 20 parts by weight 

titanium dioxide 15 parts by weight 

magnesium oxide 15 parts by weight 

30 colour pigment 5 parts by weight 

N, N ' -dicinnamyliden-1 , 6-hexa- 

methylene diamine (DIAK 3) 3.5 parts by weight 

After drying, the opposite side of the fabric was 


applied by spreading thereon a mixture of 20 parts by 
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® 

weight of polyamide (ULTRAMID 6A) in 80 parts by weight 
of a mixture of 10% by volume water and 90% by volume 
ethanol . After drying of this final layer, the laminate 
was cured at about 150°C for 20 min. 
5 When testing the finished laminate, it was found that 

it complied with the regulations currently proposed as new 
standard in 1991 by the National Fire Protection Associa- 
tion, USA (NFPA Standard on Vapor-Protective Suits for 
Hazardous Chemical Emergencies, 1990 Edition) and listing 

10 resistance to permeation of acetone, acetonitrile, am- 
monia, carbon disulfide, chlorine, dimethylf ormamide, 
ethyl acetate, hexane, methanol, nitrobenzene, sodium 
hydroxide, sulfuric acid, tetrachloroethylene, toluene, 
dichloromethane, diethylamine and tetrahydrofuran. 

15 EXAMPLE 2 

Example 1 was repeated, but the polyamide layer was 
here applied as a finished or preproduced polyamide film 
(nylon 6) having a thickness of 50 pm (obtained from 
ATOCHEM S.A. in France). This film was applied to the un- 

20 cured butyl rubber layer on the side of the base sheet 

opposite to the layer of fluorocarbon rubber, just before 
the forthcoming laminate was to be introduced in a Roto- 
cure machine. In this machine, curing was carried out at 
150 °C at a belt speed of about 30 m/h, giving a curing 

25 time of about 10 min. 

As appears from the test results reported below, this 
laminate also fulfilled the regulations according to the 
proposed new standard of 1991 by the National Fire Protec- 
tion Association, USA (NFPA Standard on Vapor-Protective 

30 Suits for Hazardous Chemical Emergencies, 1990 Edition). 
The test result with dichloromethane when testing the 
clothing material as such did however not give a result 
■^mIIv ^nnolvina with the proposed NFPA standard, probably 


samples. The tests were conducted according ro said pro- 
posed new standard, both with the original material (un- 
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treated), with material subjected to flexural fatigue 
testing [NFPA 1991, Section 5-5. 1(a)], and with material 
subjected to abrasion resistance testing [NFA 1991 Section 
5-4. 1(a), (b), (c) and (d)]. The tests were carried out by 
an independent testing institute ( TRI/Environmental , Inc., 
Austin, Texas, USA). The permeation resistance tests were 
carried out according to ASTM F739-85, testing temperature 
27 °C, testing time 3 h and chemical concentration 99.5% 
with continuous contact. 
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TABLE 1 
Untreated original material 



Time to 

Permeation 


Chemical 

permeation 
breakthrough 
min. 

rate 
mg/cm^*h 


Minimum 
detect- 
able 
rate 

cell No. 

cell No. 


1 

2 

3 

1 

2 

3 

pg/cm •mm 

acetone 

ND 

ND 

ND 

NA 

NA 

NA 

0 . 14 

acetonitrile 

ND 




NA 

NA 

0 . 14 

ammonia 

ND 

ND 

ND 

NA 

NA 

NA 


carbon disulfide 

ND 

ND 

ND 

NA 

NA 

NA 

0 . 14 

chlorine 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

dich lor ome thane 

144 

116 

ND 

NA 

0.78 

5.4 

0. 14 

diethyl amine 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

dimethy If ormamide 

ND 

ND 

ND 

NA 

NA 

NA 

0, 14 

ethyl acetate 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

n-hexane 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

methanol 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

nitrobenzene 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

sodium hydroxide 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

sulfuric acid 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

tetrachloroethylene 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

tetrahydrof uran 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

toluene 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

ND = not detected 



NA 

= not 

applicable 
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TABLE 2 
Flexed material 


Chemical 

Time to 
permeation 
breakthrough 
min. 

Permeation 
rate 

mg/cm^ • h 

Minimum 
detect- 

a -L tn 

rate 

cell No. 

cell No, 


1 

2 

3 

1 

2 

3 

ug/cm ^min 

acetone 

MD 


Mn 

MA 


IN A 

0. 14 

acetonitrile 


IN LJ 

IN LJ 


MA 

M A 

0. 14 

ammonia 

ND 

ND 




IN A. 

U . J. 

carbon disulfide 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

chlorine 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

dichloromethane 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

diethylamine 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

dimethyl formamide 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

o4~V^tt1 ca -I— 4- (-\ 

tiL-iiy-L aCeX-a ue 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

n-hexane 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

methanol 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

nitrobenzene 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

sodium hydroxide 

ND 

ND 

ND 

NA 

NA 

NA 

0.14 

sulfuric acid 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

tetrachloroethylene 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

tetrahydrof uran 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

toluene 

ND 

ND 

ND 

NA 

NA 

NA 

0. 14 

ND = not detected 



NA = 

= not 

applicable 
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TABLE 3 
Abraded material 

r 


Chemical 

Time to 
permeation 
breakthrough 
min. 

Permeation 
rate 

mg/cm^ 'h 

Minimum 
detect- 
able 
rate 

]jg/cm ^mm 

cell No. 

cell No. 

1 

2 

3 

1 

2 

3 

acetone 

ND 

ND 

ND 

NA 

NA 

NA 

0. 

14 


ND 

ND 

ND 

NA 

NA 

NA 

0. 

14 

ammonia 

ND 

ND 

ND 

NA 

NA 

NA 

0. 

14 

carbon disulfide 

ND 

ND 

ND 

NA 

NA 

NA 

0. 

14 

chlorine 

ND 

ND 

ND 

NA 

NA 

NA 

0. 

14 

dichloromethane 

ND 

ND 

ND 

NA 

NA 

NA 

0. 

14 

diethylamine 

ND 

ND 

ND 

NA 

NA 

NA 

0. 

14 

dimethyl formamide 

ND 

ND 

ND 

NA 

NA 

NA 

0, 

14 

ethyl acetate 

ND 

ND 

ND 

NA 

NA 

NA 

0 

14 

n-hexane 

ND 

ND 

ND 

NA 

NA 

NA 

0 

14 

methanol 

ND 

ND 

ND 

NA 

NA 

NA 

0 

.14 

nitrobenzene 

ND 

ND 

ND 

NA 

NA 

NA 

0 

. 14 

sodium hydroxide 

ND 

ND 

ND 

NA 

NA 

NA 

0 

. 14 

sulfuric acid 

ND 

ND 

ND 

NA 

NA 

NA 

0 

. 14 

tetrachloroethylene 

ND 

ND 

ND 

NA 

NA 

NA 

0 

. 14 

tetrahydrof uran 

ND 

ND 

ND 

NA 

NA 

NA 

0 

. 14 

toluene 

ND 

ND 

ND 

NA 

NA 

NA 

0 

.14 

ND = not detected 



NA 

= not 

applicable 
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CLAIMS 

1. Laminate resistant to the permeation of chemi- 
5 cals, consisting of a fabric base sheet and continuous 

impervious layers supported by said base sheet and com- 
prising layers of f luoropolymer and butyl rubber, 
characterised in that the continuous imper- 
vious layers of the laminate also comprise a polyamide 
10 layer. 

2. Laminate as claimed in claim 1, charac- 
terised in that the layers of f luoropolymer and 
polyamide are applied to opposite sides of the base 
sheet . 

15 3. Laminate as claimed in claim 1 or 2, cha- 

racterised in that the polyamide layer is se- 
parated from the base sheet by a layer of butyl rubber. 

4, Laminate as claimed in claim 1, 2 or 3, cha- 
racterised in that the layer of f luoropolymer is 

20 separated from the base sheet by a layer of butyl rubber. 

5. Laminate as claimed in any one of claims 1-4, 
characterised in that the polyamide layer is 
based on a copolymer of adipic acid/hexamethylenediamine 
and caprolactam. 

25 6. Protective clothing resistant to the permeation of 

chemicals, consisting of a laminate having a fabric base 
sheet and continuous impervious layers supported by said 
base sheet and comprising layers of f luoropolymer and 
butyl rubber, characterised in that the con- 

30 tinuous impervious layers of the laminate also comprise a 
polyamide layer. 

7. Protective clothing as claimed in claim 6, 
characterised in that the layers of fluoro- 


wo 91/03379 


PCT/SE90/00551 


12 

8. Protective clothing as claimed in claim 6 or 7, 
characterised in that the polyamide layer is 
separated from the base sheet by a layer of butyl rubber, 

9. Protective clothing as claimed in claim 6, 7 or 8, 
5 characterised in that the layer of fluoropo- 

lymer is separated from the base sheet by a layer of butyl 
rubber • 

10. Protective clothing as claimed in any one of 
claims 6-9, characterised in that the poly- 

10 amide layer is based on a copolymer of adipic acid/hexa- 
methylenediamine and caproclactam. 


15 


20 


25 


30 
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